Summary. The present studies on duct ligated dogs and rabbits are an attempt to demonstrate functional alterations in glucose metabolism: 1. In rabbits the insulin reserve in the pancreatic gland was reduced to about one fifth of its normal value. 2. In dogs, as well as in rabbits, the values of fasting blood glucose remained norreal for a period of 12 months following the operation. In rabbits the intragastric, but in dogs both the intragastric and the intravenous glucose tolerance were impaired. 3.
It is well known that ligation of the pancreatic ducts results in atrophy and fibrosis of the exocrine pancreatic tissue. Detailed morphological studies [6, 2, 19] at various intervals after duct ligation in rats have revealed that acinar cells completely disappear within one week and never reappear. The same authors observed some initial damage to the islets, with subsequent regeneration of the islet parenchyma. There is little information about functional alterations, which may follow destruction of the exocrine tissue and degenerative changes within the islets. Goberna et al. [7] observed normal concentrations of IRI and blood glucose during an i.v. glucose tolerance test in rats 3--4 weeks after duct ligation. 5--7 months after surgery the fasting blood glucose increased to hyperglycaemic values [6] . In dogs, intravenous [11] as well as intragastric [15] glucose loads provoked diabetic blood glucose curves, with normal fasting values.
The present studies were performed to obtain further information about changes of glucose tolerance after the operation. This paper describes comparative experiments on intragastric and intraveneous glucose tolerance tests in normal and duct ligated rabbits and dogs.
Material and Methods

Animals
30 mixed bred domestic rabbits, weighing 2.7-3.5 kg, and 20 Beagle dogs, weighing 10--15 kg, were used for these experiments. Normal and duct ligated rabbits were fed with Altromin K (Altrogge, Lage Lippc). Dogs received raw meat and in addition the specific dog food Pal (T) (Fa. Effem GmbH, Verden/Germany).
Operation Technique
The operation was performed according to Guilian [9] , with minor modifications: Following premedication with 1--2 ml of Combelen | (Bayer, Leverkusen, Germany) and 1 ml (1 mg/ml) of atropine the Beagles were anaesthetized by injection of Nembutal| The anaesthesia was maintained by endotracheal intubation of ttalothane (Farbwerke Hoechst, Germany) . A midline laparotomy was performed. The possible danger of gut intussusception due to increased peristalsis was prevented by local infiltration of 2 ml (2~o) of procaine into the tissue surrounding the coeliae plexus. As the pancreas was gently separated from the duodenum the attempt was made to save the supporting mesenteric vessels in order to guarantee optimal blood supply to the gland and duodenum. The pancreatic ducts, in most cases two, were clamped with mosquito forceps and, following double ligation, divided. In order to prevent future adhesions and possible formation of fistulas or accessory ducts a leaf of omentum was wrapped around the duodenum and fixed to it with several interrupted stithes. Closing of the abdomen was accomplished in routine fashion. The post-operative period was usually without any complication. The surgical procedure in rabbits was similar to the one used in dogs. For anaesthesia only Thiogenal (Merck, Darmstadt, Germany) was administered and no infiltration of the coeliac plexus was performed.
Glucose Tolerance and Glucagon Tests
Glucagon tests were performed 6 months after duct ligation. 50 g glucose was dissolved in distilled water to make a 100 ml solution. Both dogs and rabbits received 2 g/kg intragastrieally by means of a stomach tube, and 0.5 mg/kg by i.v. injection. 1 mg glucagon (Farbwerke Hoechst AG, Germany) in 0.6 ml of 0.9% NaCI solution was injected into the vena cephalica antibrachii of dogs. Samples of peripheral blood from rabbits (auricular vein) and 1.0 ml blood from the V. cephalica antibrachii of dogs were taken at intervals marked in the diagrams.
Analytical Procedures
Blood glucose was determined by the ferricyanide method using an Auto-Analyzer [10]. Serum IRI was measured radioimmunologieally [14] using the test kit of l%rbwerke ttoechst, Germany. Insulin was extracted from whole rabbit pancreas according to Randall [16] and measured immunologically against a pig insulin standard as mentioned above.
Results
The weight of the animals was slightly reduced during 3 weeks following operation, but was reestablished by means of proper diet feeding. Thereafter no significant difference from controls could be observed. Besides some deaths during the operation, no further losses of animals occurred. Total IRI in Pancreata of _Rabbits 5--6 months after duct ligation the insulin (IRI) content was determined in rabbit pancreas. The animals were sacrificed by i.v. injection of 0.5 ml of T 61 (Farbwerke Hoechst, Germany) . This agent is widely used in veterinary medicine for the sacrifice of animals without excitation. Components. are a local anaesthetic, a general anaesthetic and a curare-like compound. The pancreases were removed rapidly. In Fig. 1 It~I content of extracts obtained from whole pancreases of control rabbits and duct ligated animals is compared. The Ii~I was measured against a pig insulin standard, which may explain the relatively low values. Nevertheless, the results indicate that the insulin reserve is distinctly diminished in the duct ligated animals. Fig. 2 summarizes the observations on post-operative blood glucose levels after a 24 h fasting period. In both pancreatic duct ligated dogs and rabbits no changes could be detected compared with control animals. 
Post-operative _Fasting Blood Glucose Levels
Intragastric and Intravenous Glucose Tolerance Tests
Glucose tolerance tests were performed 4--6 months after the operation. The fasting period before starting the experiments was 24 h throughout. The left parts of Fig. 3 and Fig. 4 show blood glucose levels after an intragastric glucose load in controls and duct ligated rabbits and dogs. In the experimental group, trols. In contrast to an intragstric glucose load, there were no differences in the levels of blood glucose after glucose injection to rabbits (Fig. 3) . In rabbits the assimilation coefficients, which have been calculated according to Conard [4] , were within the normal range. In dogs, however, a significant delay of the decrease of blood sugar levels was observed (Fig. 4, Table 1 ).
Simultaneously, there was a negligible elevation of the basal peripheral serum insulin, whereas the response in normal dogs was in the expected range.
Effect of Glucagon A rapid injection of pharmacological doses of glueagon (1 mg per dog) caused an immediate rise in serum IRI, with a maximum at three minutes after the application, and a small increase of blood glucose (Fig. 5) . In the duct ligated animals insulin response to glucagon was poor. The corresponding blood glucose concentrations were considerably higher than those of the controls. glucose levels reached maximal values of 165 rag/ 100 ml. As indicated in the diagrams the curves differed significantly from those observed in control animals. In dogs, the corresponding II~I levels were distinctly lower after duet ligation than in the con-
Discussion
Detailed morphological studies have revealed that duct ligation induces an atrophy of the exocrine pancreas and an initial damage to the islets, with subDiabetologia, Vol. 10 14 sequent regeneration [2, 6, 18] . In dogs, the rapid destruction of exocrine pancreatic tissue [5, 11] leads to malabsorption of complex food components i.e. : fat [15, 3] , proteins [3] and carbohydrates [3] , whereas the rate of glucose resorption is not different from that of control animals. In rats, alteration in glucose metabolism, as indicated by normal fasting glucose levels [6] , as well as normal kinetics of glucose and ll~I during an i.v. GTT [7] , could not be observed within the first weeks following the surgery procedure. 5--8 months after duct ligation the blood glucose rose above normM [6] . In dogs and rabbits, however, fasting blood glucose remained stable during a period of 12 months. Furthermore, dogs developed an abnormal i.v. GTT, but rabbits and rats [7] did not. Little is known about the response of duct ligated animals to an intragastric glucose load. In the literature of animal surgery only a few references indicate a development of a diabetic-like pattern of blood glucose kinetics during an intragastric GTT in dogs [5, 15] . In our experiments, rabbits and dogs had significantly impaired glucose tolerance following an intragastric glucose load. In both dogs and rabbits the abnormality in glucose tolerance may well be explained by the diminished insulin release after glucose, which leads to significantly lower concentrations of I1~I in peripheral blood. The species differences in glucose tolerance are summarized in Table 2 . The question arises whether or not the hypoinsulinism is based upon a reduced insulin content of the pancreas or upon a decreased fl-eytotropic effect of glucose, as well as of glucagon, in duet ligated animals. The results demonstrated in Fig. 1 seem to support the assumption that there is an insufficient reserve of insulin.
Glucagon in pharmacological doses is a potent stimulator of insulin release [8, 13, 17] . The minimal effect of exogenous glucagon upon insulin release in duet ligated dogs allows study of direct actions of this hormone, without interference by insulin. Our in vivo experiments do not support speculations of a disturbed entero-endoerine or exocrine-endocrine pathway [i] after duct ligation. All findings can be interpreted as a consequence of islet cell damage after duct ligation. IIowever, this damage seems to vary from species to species, possibly depending on the capacity of fl-cell replication.
Finally, we should like to recommend this model for the study of certain problems concerning the development of diabetes associated with hypoinsulinism. The surgical procedure is relatively easy, the mild state of diabetes is stable for a long period and is not accompanied by obesity, as it is in most cases of spontaneous diabetes in animals.
